Male meiosis and gametogenesis were studied at metaphase I, metaphase and anaphase of the first pollen grain mitosis, and bicellular and tricellular pollen grain stages in 2B rye plants 
Introduction
The transmission of rye B chromosomes (Bs) is non-Mendelian because of the mechanism of B accumulation and of the variable behaviour of the Bs during meiosis and gametogenesis (Jones & Puertas (1993) for a review). The mechanism of accumulation consists of nondisjunction at the first division of the female and male gametophytes, and preferential segregation to the nucleus which will form the gametes.
In previous papers we reported a high variation in B transmission rate (Puertas et al., 1990 ) and selection gain for the character mean number of Bs per plant in the progeny in 2B x OB and OB x 2B crosses (Romera et al., 1991; Jiménez et a!., 1995) demonstrating the existence of genotypes which affect this character that we called low (L) and high (H) B transmission rate lines.
Rye Bs are stable during sporophyte development.
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The same number of Bs is observed in the root tips and at metaphase I of meiosis, whereas at meiosis and pollen mitosis B behaviour is variable (Kishikawa, 1965; Puertas et al., 1979; Santos et a!., 1993) .
This indicates that the variation in B transmission must be caused, at least partially, by the variation in B behaviour during meiosis and gametogenesis. In the present work we show the results of the quantitative analysis of some relevant stages of microsporogenesis and microgametogenesis in 2B plants of the L and H lines. A quantitative analysis of rye B behaviour during megasporogenesis and megagametogenesis would be much more difficult and has not been attempted.
Material and methods
The material used was Secale cereale (2n = 14+Bs)
from the Puyo population in which about 60 per cent of the plants naturally carry Bs. The plants studied in this work belong to the third generation of selection to obtain low (L) and high univalents and those having 7A bivalents and lB bivalent. The As never form univalents. B association in the L and H lines was compared using a contingency test which was highly significant (P<0.0001, In the group of pollen grains showing the Bs, 7As + lB are the most common metaphases in both lines, although a small percentage of 7As + 2Bs and 7As + lB + 1 micronucleus is also present. These last two cases indicate that the 2Bs have migrated to the same pole at meiosis but in the latter case only one B reached the telophasic nucleus. between the lines was compared by a x2 contingency test, which was highly significant (P.<0.0001, Table   7 ).
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First pollen grain anaphase
The results of first pollen grain anaphase are shown in Tables 8 and 9 It is interesting to compare B nondisjunction at the first pollen grain mitosis with the 7A+ 1B/7A+ lB migration, to see if the H and L lines differ in this important feature (Table 10 ). In this However, the observed frequency decreased from 39.87 per cent (Table 5 ) to 9.8 per cent (Table 11) in the L line and from 4.38 per cent (Table 6) to GENETIC CONTROL OF B CHROMOSOME TRANSMISSION 641 report a large variation of B chromosome behaviour (Jones & Puertas, 1993; Jones, 1995 for a review). The novelty of the present work is that we identify genetically controlled sources of variation because the differential behaviour is found in plants selected for high or low B transmission to the progeny.
It can be deduced from our results that the main cause accounting for the differential B transmission in the L and H lines is the ability to form B bivalents at metaphase I. When the Bs form bivalents they are conserved in the pollen grains whereas when the Bs form univalents they are conserved only in about 20 per cent of the cases, and the remaining Bs are eliminated as micronuclei which decrease in frequency during pollen maturation. In all probability the micronuclei are degraded together with plastid and mitochondrial DNA modification! degradation occurring during pollen maturation. This phenomenon is a common occurrence among plants exhibiting maternal cytoplasmic inheritance. There is evidence that organelle nucleoids disappear from the generative or sperm cells by the time of pollen maturity in nine species, including Triticum, representing both bicellular and tricellular pollen types (Mogensen, 1996) . and the number of generations taken for the equilibrium levels to be attained. Adjustment of equilibrium levels is effectively brought about by variation in the nonpairing rate parameter and the nonpaired loss rate parameter rather than through fluctuations in directed nondisjunction. As a matter of fact, the rate of directed nondisjunction is consistently high in all varieties studied to date. These authors also indicated that varietal differences in the nonpairing rate and the nonpaired loss rate suggest genetically controlled sources of variation either between the Bs of different strains or else in the interactions between the Bs and their respective A chromosome complements. Our results coincide with their model because we find that the main cause for the differential transmission of B chromosomes in the H and L lines is the loss or conservation of the B in the pollen grains which is determined by B association at metaphase I, whereas the nondisjunction process is not modified.
In our previous studies on the selection of the L and H lines (Romera et al., 1991; Jiménez et al., 1995) we deduced that the different B transmission rate in both lines was caused by a differential transmission of OB vs. 2B gametes and not to a differential ability for B nondisjunction, because the offspring of 2B x OB crosses was mainly 2B or OB whereas lB plants were hardly found. The present work confirms this result by direct observation of the nondisjunction process at fist pollen anaphase. We do not know the cause by which the Bs form univalents in a high proportion of the metaphase I cells of the L line. The available data about synapsis in pachytene studying the synaptonemal complexes in standard rye Bs (Santos et al., 1993 ) or B derivatives (Jiménez et al., 1994 Santos et a!., 1995) show that bivalents are regularly found at pachytene of 2B plants. Therefore, it can be suggested that the difference in bivalent vs. univalent formation at metaphase I in the L and H lines is caused by a differential ability for chiasma formation and not to a differential ability for synaptonemal complex formation at pachytene.
In relation to this point it is important to keep in mind that all plants studied in this work carry 2Bs and come from 2B x OB crosses; so that the 2Bs are always produced by nondisjuntion and are identical; therefore, we cannot attribute the lack of chiasmata to differences in homology caused by different origins of the nonpairing Bs.
Besides rye, there is a number of species where variation in B transmission rates has been reported: Zea mays (Carlson, 1969; Rosato et al., 1996) , Hypochoeris maculata (Parker et a!., 1982) , Myrmeleotettix maculatus (Shaw & Hewitt, 1985; , Pseudococcus affinis (Nur & Brett 1985 , 1987 , 1988 , Crepis capillaris (Parker et a!., 1989) , Locusta migratoria (Viseras et a!., 1990) , Nasonia vitripennis (Beukeboom & Werren, 1993) , Aegilops speltoides (Cebriá et a!., 1994), Allium schoenoprasum (Bougourd & Plowman, 1996) . In rye, M. macu/atus, P affinis, Ae. spehoides and Z. mays the genetic control of this variation has been demonstrated and some authors, including ourselves, have taken for granted that this effect is caused by transmissionreducing genotypes of the A chromosomes (Beukeboom, 1994; Jones, 1995 for a review). As a matter of fact this was fully proved only in Nur's studies. The data from the present work do not agree with this hypothesis, at least for the rye lines we have selected. Our data suggest that the lack of chiasmata in the L line may be a feature of the Bs themselves and it is not determined or influenced by the As because the As behave similarly in the H and L lines and in cells with 2B univalents or lB bivalent.
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However, a differential effect of the A genotype on B chromosome meiotic behaviour (synapsis or chiasma formation) cannot be excluded. A study on the localization of the genes controlling B transmission and the coevolutionary forces acting to determine the equilibrium frequencies in populations is necessary for a better understanding of the B polymorphisms.
There is abundant evidence of the parasitic nature of rye Bs maintained by drive despite decreased fitness of B-containing individuals (Jones & Puertas, 1993 for a review). It was argued, however, (Parker et a!., 1982) that if transmission-reducing genotypes existed in populations and could be artificially selected, selection in natural populations could similarly reduce the frequency or eliminate entirely those Bs which reduce overall fitness. The present result that the L line has a reduced pollen viability whereas in the H line nearly all pollen grains have a normal appearance is therefore of interest. The long-term benefits of a reduced B transmission seem to be counteracted by the short-term effect of a reduced pollen viability. It is similarly remarkable that when the B behaviour is regular, according to its own non-Mendelian strategy, pollen grain development is normal.
Rye is the only species where the mechanism of drive acts on both the male and the female sides. The B transmission rate in the H and L lines is different on both sides. In the L line the mean number of Bs per plant in the progeny is 0.55 when the Bs are transmitted by the female and 1.02 when they are transmitted by the male side, whereas in the H line these values are 1.85 and 1.31, respectively. We do not know if these differences are caused by different behaviour of the B during micro-and megagametogenesis or to competition between OBand B-carrying pollen, or both. We have previously reported differential pollination caused by Bs in rye (Puertas et a!., 1986 (Puertas et a!., , 1988 .
